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History – part 1
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History – part 2
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Photon Mapping

More stuff (highly recommended…)

• The RADIANCE Photon Map Extension User Manual:
www.researchgate.net/publication/277312871_The_RADIANCE_Photon_Map_Manual

• Technical Report: 
“Development and Integration of the RADIANCE Photon Map Extension”
www.researchgate.net/publication/272497518_Development_and_Integration_of_the_RADI
ANCE_Photon_Map_Extension_v1.12

• Paper: “Progressive photon mapping for daylight redirecting components”
www.sciencedirect.com/science/article/pii/S0038092X15000559

• Conference Paper
“Workshop Enhanced Photon Mapping in RADIANCE”
Friday, 29 May 2015, Hochschule Luzern, Engineering and Architecture, CC 
Envelopes and Solar Energy 
www.researchgate.net/publication/277569984_Workshop_Enhanced_Photon_Mapping_in_
RADIANCE

http://www.researchgate.net/publication/277312871_The_RADIANCE_Photon_Map_Manual
http://www.researchgate.net/publication/272497518_Development_and_Integration_of_the_RADIANCE_Photon_Map_Extension_v1.12
http://www.sciencedirect.com/science/article/pii/S0038092X15000559
http://www.researchgate.net/publication/277569984_Workshop_Enhanced_Photon_Mapping_in_RADIANCE
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Photon Mapping in RADIANCE

Basics

Photon mapping happens in two steps

• Photon distribution (forward raytracing)  mkpmap

• Photon gathering (backward raytracing, single bounce)  rtrace / rpict

Photon paths and photon distribution
(source: R. Schregle, The RADIANCE Photon Map Extension User Manual)
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Photon Mapping in RADIANCE

Basics – Example

oconv sky.rad scene.rad > scene.oct

• usual RADIANCE behavior

mkpmap -apg scene.gpm 200k -apc scene.cpm 1m -apo glass80 scene.oct

• -apg: specify number of global photons

• -apc: specify number of caustic photons

• -apo: specify material for photon port

rpict -vf view.vf -x 3600 -y 3600 -ab 1 

-ap scene.gpm 100 [500] -ap scene.cpm 100 [500] 

scene.oct > pic.hdr

• -ab: any number ≥ 0 equals ab = 1  photon gathering
[for testing: any ab < 0 directly visualizes global photon irradiance at hitpoint] 

• -ap: specify photon map and bandwidth(s) [bias compensation]
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Photon Mapping in RADIANCE

Further important Photon Mapping options:

mkpmap

• -apv: volume photon maps

• -apC: contribution photon maps

• -apm: maximum number of bounces

• -aps: invisible sensor surfaces

rpict

• -am: fixed maximum search radius

Even more options, parameter ranges, and help can be found in

The RADIANCE Photon Map Extension User Manual

http://www.researchgate.net/publication/277312871_The_RADIANCE_Photon_Map_Manual
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Warm-Up
Simple Example

CIE clear sky, Lucerne, May 29, 14:30 CEST south-oriented façade 
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Warm-Up
Simple Example - Glazing

Photon MappingRADIANCE classic
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Warm-Up
Simple Example - Glazing

Photon MappingRADIANCE classic

??? „double counting“ !
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Warm-Up
Simple Example - Glazing
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Warm-Up
Simple Example - Glazing

Photon MappingRADIANCE classic

#define ambRayInPmap(r) ((r) -> crtype & AMBIENT && \

38 ((photonMapping && \

39 (ambounce < 0 || (r) -> rlvl > 1)) || \

40 causticPhotonMapping || contribPhotonMapping))

41 #define shadowRayInPmap(r) ((r) -> crtype & 

SHADOW && \

42 photonMapping)

/* ambient in photon map? */

111 if (ro != NULL && ro->crtype & AMBIENT) {

112 if (causticPhotonMapping)

113 return(-1);

114 if (photonMapping && rt != TRANS)

115 return(-1);

116 }

double counting

issue fixed!

(!#@?!*&>#$! macros…)
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Warm-Up
Simple Example - Glazing
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Warm-Up
Simple Example – Redirecting Blinds

Now we‘re in the

Photon Mapping world 
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Warm-Up
Simple Example – Redirecting Blinds

RADIANCE classic (+ roughness on blinds!)

Photon Mapping
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Warm-Up
Simple Example – BSDF of Redirecting Blinds

RADIANCE classic

Photon Mapping
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Warm-Up
Simple Example – Best of both worlds

RADIANCE classic (BSDF + proxy geometry)

Photon Mapping (blinds geometrically modeled) 
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Lichtwelt „inspire“ @ Bartenbach
Application of Photon Mapping for Simulation of Light Tubes
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Lichtwelt „inspire“ @ Bartenbach
Application of Photon Mapping for Simulation of Light Tubes
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Lichtwelt „inspire“ @ Bartenbach
Application of Photon Mapping for Simulation of Light Tubes
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Lichtwelt „inspire“ @ Bartenbach
Application of Photon Mapping for Simulation of Light Tubes
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Lichtwelt „inspire“ @ Bartenbach
Application of Photon Mapping for Simulation of Light Tubes

© durlum GmbH
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Lichtwelt „inspire“ @ Bartenbach
Application of Photon Mapping for Simulation of Light Tubes
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Lichtwelt „inspire“ @ Bartenbach
Application of Photon Mapping for Simulation of Light Tubes

Light tube without

Fresnel structure

sky condition:

CIE overcast sky

Aldrans/Austria

March 21, 12:00 CET 
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Lichtwelt „inspire“ @ Bartenbach
Application of Photon Mapping for Simulation of Light Tubes

Validation with classic RADIANCE
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Lichtwelt „inspire“ @ Bartenbach
Application of Photon Mapping for Simulation of Light Tubes

Validation with classic RADIANCE

Photon Mapping

classic RADIANCE „ground truth“ 
(rtrace -I -aa 0 -ab 9 -ad 20000 -lw 1e-12 -lr -20)
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Lichtwelt „inspire“ @ Bartenbach
Application of Photon Mapping for Simulation of Light Tubes

Light tube without

Fresnel structure

sky condition:

CIE clear sky

Aldrans/Austria

June 21, 13:00 CEST 

???

sorry, 

that‘s my

fault!
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Lichtwelt „inspire“ @ Bartenbach
Application of Photon Mapping for Simulation of Light Tubes

Light tube without

Fresnel structure

sky condition:

CIE clear sky

Aldrans/Austria

June 21, 13:00 CEST 

using the surface normal 

information and the

texfunc functionality helps, 

but is still not satisfying…

obj2rad -f

obj2rad 
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Lichtwelt „inspire“ @ Bartenbach
Application of Photon Mapping for Simulation of Light Tubes

Light tube without

Fresnel structure

sky condition:

CIE clear sky

Aldrans/Austria

June 21, 13:00 CEST 

modeling the light tubes

as native geometry

tube_plain__miro tube mirotube

0

0

7 0 0 0 0 0 0.65 0.4 
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Lichtwelt „inspire“ @ Bartenbach
Application of Photon Mapping for Simulation of Light Tubes

Light tube without

Fresnel structure

sky condition:

CIE clear sky

Aldrans/Austria

June 21, 13:00 CEST 

trying the same with

classic RADIANCE

Photon Mapping
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Lichtwelt „inspire“ @ Bartenbach
Application of Photon Mapping for Simulation of Light Tubes

Light tube with

diffuser and

Fresnel structure

sky condition:

CIE overcast sky

Aldrans/Austria

March 21, 12:00 CET 

rpict -ab 1 -ap global.pmap 100 -ap caustic.pmap 100
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Lichtwelt „inspire“ @ Bartenbach
Application of Photon Mapping for Simulation of Light Tubes

Light tube with

diffuser and

Fresnel structure

sky condition:

CIE overcast sky

Aldrans/Austria

March 21, 12:00 CET 

rpict -ab 1 -ap global.pmap 500 -ap caustic.pmap 500
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Lichtwelt „inspire“ @ Bartenbach
Application of Photon Mapping for Simulation of Light Tubes

Light tube with

diffuser and

Fresnel structure

sky condition:

CIE overcast sky

Aldrans/Austria

March 21, 12:00 CET 

rpict -ab 1 -ap global.pmap 10 100 -ap caustic.pmap 10 100 -am 0.14
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Lichtwelt „inspire“ @ Bartenbach
Application of Photon Mapping for Simulation of Light Tubes

Light tube with

diffuser and

Fresnel structure

sky condition:

CIE overcast sky

Aldrans/Austria

March 21, 12:00 CET 

rpict -ab 1 -ap global.pmap 500 -ap caustic.pmap 500 -am 0.05
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Lichtwelt „inspire“ @ Bartenbach
Application of Photon Mapping for Simulation of Light Tubes

sky condition:

CIE overcast sky

Aldrans/Austria

March 21, 12:00 CET 

photon distribution: 50k global photons (total: 10m)

50k caustic photons (total: 30m)

Light tube with

diffuser and

Fresnel structure
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Lichtwelt „inspire“ @ Bartenbach
Application of Photon Mapping for Simulation of Light Tubes

Light tube with

diffuser and

Fresnel structure

sky condition:

CIE overcast sky

Aldrans/Austria

March 21, 12:00 CET 
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Lichtwelt „inspire“ @ Bartenbach
Application of Photon Mapping for Simulation of Light Tubes

Light tube with

diffuser and

Fresnel structure

sky condition:

CIE clear sky

Aldrans/Austria

June 21, 13:00 CEST 

rpict -ab 1 -ap global.pmap 500 -ap caustic.pmap 500 -am 0.05
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Lichtwelt „inspire“ @ Bartenbach
Application of Photon Mapping for Simulation of Light Tubes

sky condition:

CIE clear sky

Aldrans/Austria

June 21, 13:00 CEST 

Light tube with

diffuser and

Fresnel structure
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Conclusion & outlook

• Photon mapping extends existing RADIANCE functionality, 
it does not replace it!

• It enables RADIANCE users to visualize and calculate additional lighting effects
that were not possible before: 

• caustics

• reflections on curved specular surfaces

• daylight redirecting systems without BSDFs

• Idea for further development

• pre-calculation for distribution of photon ports (à la mkillum)
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St.Hedwig‘s Chapel
Königsbrunn, Germany

© Julia Schambeck© Julia Schambeck
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St.Hedwig‘s Chapel
Königsbrunn, Germany

© Julia Schambeck
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Messe Basel
Basel, Switzerland

© Iwan Baan



Photon Mapping Applications David Geisler-Moroder, Bartenbach GmbH / 17.08.2015

Messe Basel
Basel, Switzerland

© Iwan Baan

© Iwan Baan
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Messe Basel
Basel, Switzerland

© Hufton+Crow

© Hufton+Crow
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City Library Augsburg
Augsburg, Germany
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City Library Augsburg
Augsburg, Germany
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City Library Augsburg
Augsburg, Germany
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City Library Augsburg
Augsburg, Germany



Photon Mapping Applications David Geisler-Moroder, Bartenbach GmbH / 17.08.2015

City Library Augsburg
Augsburg, Germany

© Schrammel Architekten, Augsburg
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Hotel with inner courtyard
Vienna, Austria
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Hotel with inner courtyard
Vienna, Austria
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© Iwan Baan

Thank you!


